saprophyte of warm moist regions, generally limited to areas 20 0 N to 20 0 S latitude.
The bacterium replicates at 18-42°C and is very resistant to chemical and physical sterilization. Bacterial cells remain viable in dry soil for up to a year and for almost 2 years in muddy water (Laws & Hall, 1964) . Transmission is thought to be oral, respiratory or through breaks in the skin. Clinical disease in both humans and non-human primates appears to be subject to individual variation. Up to 15% of the human population in endemic areas are seropositive, but a very low percentage show clinical signs (Kaufmann et al., 1971) . Serology of clinically normal non-human primates in contact with infected animals also frequently reveals the presence of a positive humoral antibody titre in those without clinical signs (Kaufmann et al., 1971) . The disease is apparently rare in wild animals (only five cases reported prior to 1969 ) but occasionally occurs
Receival 25 April 1985; ill revised form 10 February 1986. Acceptell 2/ March /986. in epizootic form in domesticated animals (Laws & Hall, 1964) . While animal to animal transmission is possible, the disease has never been proved to be zoonotic.
Animals (Hubbert, 1969 ; LDso = 10 organisms) to the very resistant non-human primates (Miller et al., 1948) .
While generally highly resistant, especially to oral infection (Miller et al., ] 948; Butler, Schmidt & Wiley, 1971) , the non-human primate varies greatly in response to inoculation, presenting a pattern of disease similar to that seen in man. Of 397 wild macaques tested by indirect haemagglutination, 5·5% had Ps. pseudomallei titres, although clinical signs were extremely rare. Experimental inoculation studies also demonstrated the wide host variation: in one case 100 organisms inoculated subcutaneously caused disease, while in another case 4 x 10 3 organisms had no effect. Some infected animals had only dermal abscesses whilst others developed fatal disease. Antibody titres were not correlated with clinical disease (Donaldson & Elsia, 1973) .
Case history
A male rhesus monkey (Macaca mulatta) , identified as X453, was received at our facility from a commercial vendor (Prime Labs, Monmouth, NJ) in November 1973. The precise origin of this macaque could not be determined;
however, all non-human primates supplied by the vendor in 1973 were wild caught. Except for periodic pairing with a breeder female in 1978, the monkey was maintained for 10 years in a controlled captive environment. Housing was in individual cages with little chance for contact with Ps. pseudomallel or for fomite transmission of the disease. Ps. pseudomallei was studied at this facility throughout 1981, but all work was done with guinea pigs at a location distant from the primatefacility.
X453 first developed signs of illness on 2 March 1979, showing inappetence, inactivity and a serous nasal discharge. Haematology showed a moderately elevated total white blood cell count (11 300/mm 3 ) with a relative neutrophilia (59% segmented neutrophils, 41% lymphocytes). Thoracic radiographs were negative for pneumonia and treatment with a combination of benzathine and procaine penicillin (Bicillen Fortified, Wyeth Laboratories, Philadelphia, PA) was initiated at 150 000 units of each once daily. Heamatological values returned to normal within 2 weeks, but clinical signs persisted at the same level. Aerobic bacteriological culture of the nasal exudate at that time showed pure growth of penicillin-resistant Staphylococcus aureus. The organism was sensitive to gentamicin (Gentocin, Schering Corporation, Kenilworth, NJ), and after 10 days of therapy with that antibiotic, at 16 mg daily, recovery appeared to be complete.
The animal next presented on 3 August 1983 with flaccid inferior paraplegia of acute onset. Appetite was normal, attitude and upper body functions appeared unchanged, and signs of central nervous system dysfunction were absent. Corticosteroid therapy was initiated with intramuscular injections of prednisolone (4 mg daily). After 5 days there was no observable change in paralysis or general state of health and the prednisolone was discontinued. The animal was closely observed for the next 8 days. Bodyweight remained unchanged at 7·4 kg and, while mobility was restricted, decubitus ulcers were absent.
On 16 August 1983 the animal was sedated with ketamine hydrochloride; blood was obtained for a complete blood count and clinical chemistry, and a physical examination was conducted. No physical dysfunctions were observed although a neurological examination was not performed because of the sedation. A survey radiograph of the spine on the same date demonstrated marked scoliosis of the spine from thoracic vertebrae 10 to 13. This spinal curvature had been noted in radiographs taken 4 years earlier during clinical evaluation.
A neurological examination was performed on 18 August 1983 and another blood sample was taken for clinical chemistry. All upper body and central nervous system tests were within normal limits in the unanaesthetized animal. Inferior paraplegia was uniform with moderate muscular hypotonia and there was extensive muscle atrophy of the lower Fritz, Miller, Slayter & Smith body. The tail was hypotonic and the anal sphincter was only slightly weakened. There were no placing reflexes and no flexor or crossed-extensor responses. Patellar reflexes were weak in both legs. Motor control was completely absent but sporadic deep pain response remained when the toes were pinched with a haemostat. Serum chemistry analyses (Cobas Kit, Roche Analytical, Nutley, NJ) on 16 August 1983 showed moderate elevations of alkaline phosphatase (147 U/L) (normal, 30-120 U/L) and creatine phosphokinase (402 U/L) (normal, 100-330 U/L); these responses correlate with bone disease and muscle wasting. Lactic dehydrogenase was also slightly elevated (316 U/L) (normal, 68-250 U/L). The serum chemistry test of 18 August 1983 showed slight decreases in alkaline phosphatase (129 U/L) but increases in creatine phosphokinase (905 U/L) and lactic dehydrogenase (580 U/L).
Standard radiographs were repeated following the neurological examinations, and a myelogram was attempted via a lumbar tap (L3-L4). Contrast medium (Panopaque, Alcon Lab, Humacao, Puerto Rico) (1·5 mL) was injected and its course was observed by fluoroscopy, which showed that the injection had been made subdurally rather than into the spinal canal. However, the resultant radiograph demonstrated that the contrast medium progressed no further cranially than the tenth thoracic vertebra.
With no improvement in the physical condition over a period of 15 days and in view of the adverse radiographic findings, the decision was made to kill the animal. Euthanasia was therefore performed by intravenous injection of 3 mL of T-61 Euthanasia Solution (National Laboratories, Somerville, NJ) on 18 August 1983.
Pathology
A single gross lesion was confined to the thoracic spine and microscopic inflammatory foci occurred in the liver. The thoracic lesion viewed anteriorly appeared as an almost imperceptible S-shaped deviation with slight enlargement of the tenth to thirteenth thoracic vertebrae.
Removal of the dorsal laminae from these vertebrae exposed a slightly distorted cord caused by compression sites spanning the length of two vertebrae. The compression was not uniform, being dorsolateral at certain points (Fig. 1) and ventral at others. The floor of the thoracic vertebral canal contained a small amount of thin translucent exudate which was cultured. Transverse sections of the vertebrae involved appeared fibrotic rather than bony, and sections could be made easily after only 5 h of decalcification.
Tissue specimens from all major organ systems were fixed in 10% neutral buffered formalin and processed for routine histological examination. All 283 tissues were stained with haematoxylin and eosin (H&E). In addition, the liver and vertebrae were stained with Brown and Hopps (Sheeham & Hrapchak, 1980) , Goodpasture, Geimsa and periodic acid-Schiff.
Histopathology
The changes in the affected vertebrae (Fig. 2) were extensive, including both chronic and acute osteomyelitis. Centrally, the inflammation appeared as granular acidophilic amorphous debris composed of necrotic white cells and tissue cells. Poorly defined zones of preserved neutrophils, macrophages and lymphocytes were seen at the margin of the necrotic focus. Outside this region fibroblastic and osteoblastic proliferation was evident. Degenerative and regenerative bony spicules and osteoclastic and other syncytial cells occurred in areas of inflammation. Focally, small areas of inflammation involved the soft tissues attached to the vertebrae.
The liver contained multiple round granulomatous foci (300-400~tm wide) of inflammation that contained macrophages and lymphocytes (Fig. 3) .
Several of the lesions contained increased numbers of neutrophils in addition to the other cells. Encapsulation was not a feature of the lesions. Organisms were not demonstrated in any of the lesions with the staining methods employed. This is often the case in chronic lesions of melioidosis (Britt et al., 1981) . Since these lesions were discovered in the process of slicing formalin-fixed tissue, no culture attempts were made.
Microbiology
The exudate from the site of the lesion, assumed to be cerebrospinal fluid, was collected and inoculated into thioglycolate broth and onto 5'}'0 sheep-blood agar and MacConkey's agar. Incubation for 24 h at 30°C resulted in growth in all three media. Small circular slightly raised white colonies with a 'pearly' sheen and irregular margins were observed on the blood agar plate; the MacConkey's plate indicated a lactose non-fermenting organism. Colonies developed a wrinkled appearance with age. Three commercial clinical microbiology identification systems (API20E, Analytab Products, Plainview, NY; Microscan, American Scientific Products, Div Amer 
Discussion
The majority of confirmed cases of Ps. pseudomallei in non-human primates demonstrate primary involvement of the lung with pneumonia being the most commonly observed sign. Hepatic and splenic dysfunction occasionally accompany clinical disease.
Three cases of Ps. pseudomallei-induced osteomyelitis have been reported in non-human primates (Strauss el at., 1969; Butler el at., 1971; Kaufmann el at., 1971) and only one of these involved the vertebral column (Butler el at., 1971) . The monkey that had vertebral involvement showed flaccid inferior paraplegia but a normal haematology, similar to monkey X453. However, after 1 month of paralysis a fistula occurred in the flank area. The abscess resolved within 3 months and full recovery from the paralysis ensued (Butler et at., 1971) . With monkey X453 the sequence of events is unusual in that the animal never developed an abscess nor were any pulmonary lesions ever evident in radiographs or on post-mortem examination.
Spinal cord compression was judged to be due to vertebral collapse involving areas of the lateral corticospinal tract in some sections and the fasciculus cuneatus in others. Areas of the spinothalamic tracts appeared intact, possibly explaining retention of some sensory perception.
Disease was apparently bilateral since there was bilateral paralysis. Histologically, this case resembled human chronic melioidosis with granulomatous inflammation without septicaemia at the time of death (Britt el al., 1981) . All except one reported non-human primate cases of melioidosis in the USA originated from endemic areas. Exposure is considered very unlikely in the USA and therefore latency periods of several months to over 3 years have been postulated by Britt el al. (1981) . They suggest that these animals had pre-existent foci of infection which became active when the animals were stressed.
This case is also unique in that a latency period of 10 years ensued prior to development of clinical signs and, given a less critical lesion site, clinical manifestation may have been even further delayed.
Since Ps. pseudomallei is capable of such long latency periods, it must remain a differential diagnosis when signs of local or systemic bacterial infection occur in wild-caught non-human primates from an endemic area, even after many years in captivity. The potential for human infection empha-sizes the care needed when handling such exudates or tissues.
